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Description
Technical Field

[0001] The present invention relates to a method of
transmitting/receiving a signal and an apparatus for
transmitting/receiving a signal, and more particularly to
a method of transmitting/receiving a signal and an appa-
ratus for transmitting/receiving a signal, which are capa-
ble of improving data transmission efficiency.

Background Art

[0002] As a digital broadcasting technology has been
developed, users have received a high definition (HD)
moving image. With continuous development of a com-
pression algorithm and high performance of hardware, a
better environment will be provided to the users in the
future. A digital television (DTV) system can receive a
digital broadcasting signal and provide a variety of sup-
plementary services to users as well as a video signal
and an audio signal.

[0003] With the development of the digital broadcast-
ing technology, a requirement for a service such as a
video signal and an audio signal is increased and the
size of data desired by a user or the number of broad-
casting channels is gradually increased.

Disclosure of Invention
Technical Problem

[0004] However, in the existing signal transmitting/re-
ceiving method, it is difficult to cope with the increase in
the size of data or the number of broadcasting channels.
Accordingly, a requirement for a new signal transmit-
ting/receiving technique, in which channel bandwidth ef-
ficiency is higher than that of the existing signal transmit-
ting/ receiving method and cost necessary for configuring
a signal transmitting/receiving network is low, is in-
creased.

[0005] An object of the present invention is to provide
an apparatus for transmitting/ receiving a signal and a
method of transmitting/receiving a signal, which are ca-
pable of readily detecting and restoring a transmitted sig-
nal.

[0006] Anotherobjectof the presentinvention is to pro-
vide an apparatus for transmitting/ receiving a signal and
a method of transmitting/receiving a signal, which are
capabile of efficiently receiving the signal even when the
signal is transmitted with high channel bandwidth effi-
ciency.

Technical Solution
[0007] To achieve the object of the present invention,

the present invention provides a method of transmitting
a signal, the method including A method of transmitting
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a signal including outputting a plurality of service data
units according to frequency bands, mapping the output
service data units to symbols and modulating the service
data units, inserting first pilot signals and second pilot
signalsinto frames including the modulated service data
units and transmitting the frames including the first pilot
signals and the second pilot signals such that a time dif-
ference occurs between radio frequency (RF) channels.
[0008] The first pilot signals and the second pilot sig-
nals may be inserted such that the time difference occurs
in the frames.

[0009] In another aspect of the present invention, the
presentinvention provides a method of receiving a signal
including receiving signal frames temporally shifted via
a plurality of radio frequency (RF) channels, demodulat-
ing one of the signal frames using first pilot signals and
second pilot signals included in the signal frames and
compensating for the channel of the demodulated signal
frame and decoding service contents from the signal
frame of which the channel is compensated for.

[0010] The compensating of the channel includes ac-
quiring the channel information of the signal frames using
the first pilot signal and the second pilot signal included
in the signal frames and compensating for the signals
included in the received signal frames using the channel
information.

[0011] Using the structure of the first pilot signals, the
channel information for of the second pilot signals among
the signals which follow the first pilot signals can be ob-
tained.

[0012] In another aspect of the present invention, the
present invention provides an apparatus for receiving a
signal including a reception unit receiving signal frames
temporally shifted via a plurality of radio frequency (RF)
channels, a synchronization unit acquiring first pilot sig-
nals and second pilot signalsincluded in the signal
frames, a demodulator demodulating one of the signal
frames using the first pilot signals and the second pilot
signals, an equalizer compensating for the channel of
the demodulated signal frame and a service decoder de-
coding service contents from the signal frame of which
the channel is compensated for.

[0013] The equalizer acquires the channel information
of the signal frames using the first pilot signals and the
second pilot signals included in the signal frames and
compensates for the channel of the signal frame using
the channel information.

[0014] Orthogonal frequency division multiplex
(OFDM) symbols included in the signal frames include
symbol index information. The service decoder identifies
the position of service data using the symbol index infor-
mation and decodes the identified service data.

[0015] In another aspect of the present invention, the
present invention provides an apparatus for transmitting
a signal including a frequency splitter outputting a plural-
ity of service data units according to frequency bands, a
modulator modulating the output service data units, an
inserter inserting first pilot signals and second pilot sig-
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nals into frames including the modulated service data
units and a transmission unit transmitting the signal frame
including the first pilot signals and the second pilot signals
via radio frequency (RF) channels such that a time dif-
ference occurs.

[0016] Theinserterinserts the first pilot signals and the
second pilot signals into the frames such that the time
difference occurs.

Advantageous Effects

[0017] According to an apparatus for transmitting/re-
ceiving a signal and a method of transmitting/receiving
a signal of the present invention, it is possible to readily
detect and restore a transmitted signal. In addition, it is
possible to improve the signal transmitting/receiving per-
formance of the transmitting/receiving system.

Brief Description of the Drawings
[0018]

FIG. 1 is a view showing a signal frame for transmit-
ting a service.

FIG. 2 is a view showing the structure of a first pilot
signal (P1) in the signal frame.

FIG. 3 is a view showing a signaling window.

FIG. 4 is a view showing a signal transmitting appa-
ratus for transmitting a TFS signal frame according
to an embodiment of the present invention.

FIG. 5is a view showing a signal receiving apparatus
capable of receiving a time-frequency slicing (TFS)
signal frame according to an embodiment of the
present invention.

FIG. 6 is a view showing another embodiment of the
structure of the first pilot symbol.

FIG. 7 is a view showing FFT modes, which are ap-
plicable to the signal transmitting/ receiving appara-
tus according to the present invention, and guard
intervals according to the FFT modes.

FIG. 8 is a view showing an apparatus for receiving
a signal according to another embodiment of the
present invention.

FIG. 9 is a view showing an apparatus for receiving
a signal according to another embodiment of the
present invention.

FIG. 10 is a view showing an apparatus for receiving
a signal according to another embodiment of the
present invention.

FIG. 11 is a view showing an apparatus for receiving
a signal according to another embodiment of the
present invention.

FIG. 12 is a view showing an apparatus for receiving
a signal according to another embodiment of the
present invention.

FIG. 13 is a view showing an apparatus for receiving
a signal according to another embodiment of the
present invention.
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FIG. 14 is a view showing an apparatus for receiving
a signal according to another embodiment of the
present invention.
FIG. 15 is a view showing another embodiment of
the structure of the signal frame according to the
present invention.
FIG. 16 is a view showing another example of the
signaling window.
FIG. 17 is a flowchart illustrating a method of receiv-
ing a signal according to an embodiment of the
present invention.

Best Mode for Carrying Out the Invention

[0019] Hereinafter, a service indicates broadcasting
contents which can be transmitted using a communica-
tion apparatus or the provision of the contents.

[0020] FIG. 1isaview showing a signal frame for trans-
mitting a service.

[0021] The signal frame shown in this Figure is an ex-
ample of a signal frame for transmitting a broadcasting
service. One service is multiplexed and transmitted in
time and frequency domains. Such a signal frame trans-
mitting method is called a time-frequency slicing (TFS)
method. Previously one service was transmitted in a ra-
dio frequency (RF) band, but herein one service is trans-
mitted in a state of being divided into a plurality of RF
bands, such that a signal transmitting apparatus can ob-
tain a statistical multiplexing gain for efficiently transmit-
ting more services. Since the signal transmitting/receiv-
ing apparatus can transmit/receive one service via a plu-
rality of RF channels, it is possible to obtain a frequency
diversity gain.

[0022] In this example, services 1, 2 and 3 are trans-
mitted in RF 1, RF 2. RF 3 and RF 4 bands. The number
of RF bands and the number of services are exemplary.
Two reference signals (afirst pilot signal P1 and a second
pilot signal P2) denoted by P1 and P2 are arranged at
the start positions of the signal frame. For example, in
the RF 1 band, the first pilot signal P1 and the second
pilot signal P2 are received, and three slots related to the
service 1, two slots related to the service 2 and one slot
related to the service 3 are sequentially arranged with
time. Slots 4 to 17 related to other services may be ar-
ranged next to the slot related to the service 3.

[0023] In the RF 2 band, the first pilot signal P1, the
second pilot signal P2, and the slots denoted by 13 to 17
are sequentially arranged. In addition, three slots related
to the service 1, two slots related to the service 2 and
one slot related to the service 1 are sequentially ar-
ranged.

[0024] Similarly, in the RF 3 and RF 4 bands, the serv-
ice 1, the service 2 and the service 3 are multiplexed and
transmitted by the TFS method, and an orthogonal fre-
quency division multiplexing (OFDM) method is used as
a modulation method used for the transmission of the
signal.

[0025] In the signal frame, the services are shifted in
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the RF band and the time axis.

[0026] FIG. 2is aview showing the structure of the first
pilot signal (P1) in the signal frame.

[0027] The first pilot signal and the second pilot signal
are arranged at the start position of the signal frame. The
first pilot signal P1 may be modulated by a 2K FFT mode
and transmitted in a state of including a 1/4 guard interval.
In this Figure, the first pilot signal is designed to occupy
a6.82992 MHz band ina 7.61 MHz band. In the first pilot
signal, only 256 carriers of 1705 active carriers are used
and one active carrier is averagely used for every six
carriers. The data carriers are irregularly arranged with
gaps 3, 6,9 and so on. In this Figure, a solid line denotes
the position of a used carrier, a thin dotted line denotes
the position of an unused carrier, and a dashed dotted
line denotes the position of the unused center carrier. In
the first pilot signal, the used carrier may be mapped to
a symbol by a binary phase-shift keying (BPSK) tech-
nique or a pseudo random binary sequence (PRBS). The
size of Fast Fourier Transform (FFT) used in the second
pilot signal may be represented by a plurality of PRBSs.
[0028] The signal receiving apparatus can detect the
structure of the pilot signal so as to recognize the TFS
signal frame, obtain the FFT size of the second pilot sig-
nal, compensate for a coarse frequency offset of a re-
ceived signal, and acquire time synchronization.

[0029] The second pilot signal P2 may be transmitted
with the same FFT size and guard interval as a data sym-
bol. In the second pilot signal, one carrier is used for
every three carriers as a pilot carrier. The signal receiving
apparatus can compensate for a fine frequency synchro-
nization offset using the second pilot signal and perform
fine time synchronization. The second pilot signal can
transmit information on a layer 1 (L1) of open systems
interconnection (OSI) layers. For example, the second
pilot signal may include information on a physical param-
eter and a frame configuration.

[0030] The information on the layer 1 included in the
second pilot signal is as follows.

[0031] The information on the layer 1 includes a length
indicator which is the length of data including the infor-
mation on the layer 1 in order to adequately use the sig-
naling ch annels of the layers 1 and 2. A frequency indi-
cator which is the frequency information of the RF chan-
nel, the length of the guard interval, a maximum number
of forward error correction (FEC) blocks per frame in
physical channels and an actual number of FEC blocks
to be included in the FEC block buffer for currnet and
previous frames in the physical channels are further in-
cluded.

[0032] The information on the layer 1 may further in-
clude the number of frames for the service, the start ad-
dress and the length of the slot having accuracy of the
OFDM carrier unit included in an OFDM symbol, the slot
according to the OFDM carrier, the number of bits padded
in a last OFDM carrier, service modulation information,
service code rate information and multi-input multi-output
scheme information.
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[0033] The information on the layer 1 may further in-
clude cell IDs of broadcasting regions transmitted by a
broadcasting transmitter, flags for notification messages
such as an emergency message and service information,
the number of current frames, and additional bits for fu-
ture use.

[0034] The second pilot signal is used for channel es-
timation for decoding the symbols included in the second
pilot. The second pilot signal may be used as an initial
value of the channel estimation for next data symbols.
The second pilot signal can transmit information on the
layer 2 (L2). For example, the second pilot signal may
describe information related to the transmitted service.
The signal receiving apparatus can decode the second
pilot signal so as to obtain the information on the service
included in the TFS frame. Accordingly, it is possible to
efficiently scan the channel.

[0035] For example, the second pilot signal may in-
clude two OFDM symbols of an 8k FFT mode. Generally,
the second pilot signal may be any one of one OFDM
symbol of a 32k FFT mode, one OFDM symbol of a 16k
FFT mode, two OFDM symbols of the 8k FFT mode, four
OFDM symbols of a 4k FFT mode, and eight OFDM sym-
bols of the 2k FFT mode.

[0036] Thatis, since one OFDM symbol having a large
FFT size or a plurality of OFDM symbols having a small
FFT size may be included in the second pilot signal, the
capacity of the bits which can be transmitted by the pilot
can be maintained.

[0037] If the information to be transmitted via the sec-
ond pilot signal exceeds the capacity of the OFDM sym-
bol of the second pilot signal, the OFDM symbols after
the second pilot signal may be further used. The infor-
mation on the layer 1 (L1) and the information on the
layer 2 (L2) included in the second pilot signal are error-
correction-encoded, interleaved and distributed in the
second pilot signal, the information can be restored even
when impulse noise occurs.

[0038] FIG. 3is a view showing a signaling window. In
this Figure, a TFS frame shows the offset concept of sig-
naling information. The information on the layer 1 includ-
ed in the second pilot signal includes frame configuration
information necessary for decoding a data symbol by the
signal receiving apparatus and physical layer informa-
tion. Accordingly, when the information on the data sym-
bol which follows the second pilot signal is transmitted in
a state of being included in the second pilot signal, the
signal receiving apparatus cannot immediately decode
the following data symbol due to a time consumed for
decoding the second pilot signal.

[0039] Accordingly, as shown in this Figure, the infor-
mation on the layer 1 included in the second pilot signal
includes information on the size of one TFS frame, and
includes information included in a signaling window from
a position separated from the second pilot signal by a
signaling window offset.

[0040] Meanwhile, for channel estimation of the data
symbol configuring a service, a scattered pilot and a con-
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tinual pilot may be included in the data symbol.

[0041] FIG. 4 is a view showing a signal transmitting
apparatus for transmitting the TFS frame, according to
an embodiment of the present invention. The embodi-
ment of the signal transmitting apparatus may include a
service composer 10, a frequency splitter 20, and a trans-
mission unit 100. The transmission unit 100 may encode
and modulate a signal to be included in RF bands.
[0042] The service composer 10 receives an input
stream which is service data, multiplexes a plurality of
services to be included in RF channels, and outputs the
multiplexed signal.

[0043] The frequency splitter 20 may receive service
data to be transmitted in the RF bands, split the service
data so as to be allocated to the RF frequency bands,
and output the split service data.

[0044] The transmission unit 100 processes the data
to be transmitted in the frequency bands and transmits
the processed data. For example, with respect to the
service data to be transmitted via a first RF channel, a
first mapper 110 maps the received service data to sym-
bols. A first interleaver 120 interleaves the symbols in
order to prevent a burst error from being generated in
the signal.

[0045] A first symbol inserter 130 may output a pilot
signal which can be positioned in a frame of the signal,
for example, a signal frame including a dispersed pilot
signal or a continual pilot signal.

[0046] A first modulator 140 modulates the interleaved
data according to a signal modulation method and, for
example, may modulate the signal usingan OFDM meth-
od.

[0047] Afirstpilot symbolinserter 150 may insert a first
pilot signal and a second pilot signal into the signal frame
and transmit a TFS signal frame.

[0048] Service data transmitted via a second RF chan-
nel may be also processed by blocks 115, 125, 135, 145
and 155 arranged in another path of the transmission
unit and a TFS signal frame may be transmitted.

[0049] The number of signal processing paths of the
transmitting unit 100 may be equal to the number of RF
channels included in the TFS signal frame.

[0050] FIG. 5is a view showing a signal receiving ap-
paratus capable of receiving a TFS signal frame, accord-
ing to an embodiment of the present invention. The em-
bodiment of the signal receiving apparatus may include
a reception unit 200, a synchronization unit 210, a de-
modulator 220, a mode detector 230. an equalizer 260,
a parameter detector 250, a deinterleaver 260, a dema-
pper 270 and a service decoder 280.

[0051] The reception unit 200 may receive the signal
of the first RF channel selected by a user in the TFS
signal frame. If the TFS signal frame includes a plurality
of RF channels, the reception unit 200 may receive the
signal while changing the plurality of RF channels.
[0052] The synchronization unit 210 may acquire and
output the synchronization of the received signal, and
the demodulator 220 may demodulate the synchronized
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signal. The mode detector 230 may acquire an FFT mode
of the second pilot signal using the first pilot signal of the
TFS signal frame.

[0053] Then,the demodulator 220 demodulates the re-
ceived signal with the FFT size of the second pilot signal,
and the equalizer 240 compensates for the channel of
the received signal and outputs the compensated signal.
The deinterleaver 260 deinterleaves the received signal
of which the channel is equalized, and the demapper 270
demaps the deinterleaved symbol according to a symbol
demapping method corresponding to a symbol mapping
method of the transmitted signal, such as a QAM.
[0054] The parameter detector 250 acquires physical
parameter information such as the information on the lay-
er 1 included in the second pilot signal from the signal
output from the equalizer 240 and provides the acquired
physical parameter information to the reception unit 200
and the synchronization unit 210. The reception unit 200
may change the RF channel using the information de-
tected by the parameter detector 250.

[0055] The parameter detector 250 may output the in-
formation related to the service, and the service decoder
280 may decode the service data of the received signal
according to the information related to the service and
output the decoded data.

[0056] FIG. 6 is a view showing another embodiment
of the structure of the first pilot symbol. In this Figure, the
first pilot symbol may use, for example, a guard interval
which varies according to the FFT modes. The example
of FIG. 4 shows an OFDM symbol of a 2K FFT mode. In
this symbol, used carriers may be arranged in even car-
riers and null carriers or unused carriers may be arranged
in odd carriers. In contrast, the null carriers or unused
carriers may be arranged in even carriers and pilot sym-
bol carriers may be arranged in the odd carriers. The
information included in the carriers of the first pilot signal
may be mapped to the symbols by the BPSK or modu-
lated by the PRBS.

[0057] In In the example of this drawing, a larger
number of pilot carriers are included compared with the
example of FIG. 2 and the pilot carriers are regularly ar-
ranged. The larger number of pilot carriers can improve
signal detection and offset estimation performance in a
frequency-selective fading environment. The signal re-
ceiving apparatus may compare the energies of the odd
carriers and the even carriers of the first pilot signal and
identify the first pilot signal.

[0058] In the case where the signal receiving appara-
tus estimates the coarse frequency offset using the first
pilot signal, since the pilot carriers of the first pilot signal
are modulated by the PRBS, a correlation between the
received signal and the PRBS generated by the signal
receiving apparatus is performed and the first pilot signal
is decided if the correlation value is a peak value.
[0059] FIG. 7 is aview showing FFT modes, which are
applicable to the signal transmitting/ receiving apparatus
according to the present invention, and guard intervals
according to the FFT modes. For example, the signal
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transmitting/receiving apparatus may transmit/receive
the pilot signal according to the FFT mode and the guard
interval shown in this Figure. A portion having a mark v
indicates the length of the available guard interval in each
of the FFT modes. For example, the pilot signal modu-
lated by the 32k FFT mode may have the guard interval
of 1/128, 1/64, 1/32, 5/64 or 1/8.

[0060] The signaltransmitting/receiving apparatus can
extract the second pilot signal from the first pilot signal
and obtain channel information applicable to the second
pilot signal, according to the structure of the pilot signal
shown in this Figure. For example, the signal transmit-
ting/receiving apparatus can transmit the pilot signal by
alargestavailable FFT mode and alongestguard interval
mode.

[0061] When the first pilot signal is detected, the signal
transmitting/receiving apparatus can obtain the channel
information which can decode the second pilot signal re-
ceived next to the first pilot signal. For example, when
the first pilot signal using the 32K FFT mode and the
guard interval of 1/8 is transmitted, the number of carriers
in the first pilot signal is increased. Accordingly, although
the delay spread occurs long, the channel information
for obtaining the second pilot signal can be more accu-
rately obtained. When the pilot carriers are arranged at
a regular gap as described above, the channel informa-
tion can be readily obtained.

[0062] The signaltransmitting/receiving apparatus can
apply the first pilot signal and the channel information
obtained by the structure thereof to the second pilot sig-
nal. Accordingly, if the second pilot signal is stored in
order to separately obtain the channel information of the
second pilot signal and the channel information of the
stored second pilot signal is used, a storage device or a
processing process is increased, latency is generated,
and a synchronization detection time can be increased.
[0063] However, when the large FFT mode and the
long guard interval structure are regularly used in the first
pilot signal, the channel information of the second pilot
information of the TFS signal frame may be first obtained.
Accordingly, the storage device or the synchronization
detection time can be decreased.

[0064] FIG. 8 is a view showing an apparatus for re-
ceiving a signal according to another embodiment of the
present invention. The blocks shown in this Figure have
the same functions as the blocks described in the above-
described embodiment of the signal receiving apparatus.
Thatis, the operations of a reception unit 300, a synchro-
nization unit 310, a parameter detector 350 and a service
decoder 380 are equal to those of the above-described
embodiment. If the channel information is obtained from
the second pilotinformation, a mode detector 330 detects
the mode according to the FFT size of the second pilot
signal from the first pilot signal. A pilot extractor 336 ex-
tracts the channelinformation included in the second pilot
signal from the pilot symbol included in the second pilot
signal.

[0065] A buffer 337 temporarily stores and delays the
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second pilot signal. An equalizer 340 equalizes the chan-
nel of the second pilot signal output after being stored in
the buffer 337 using the channel information of the sec-
ond pilot information output from the pilot extractor 335.
[0066] The parameter detector 350 may detect a phys-
ical parameter included in the second pilot signal, and
the service decoder 380 may decode a service selected
by the user according to the information related to the
service included in the second pilot signal.

[0067] FIG. 9 is a view showing an apparatus for re-
ceiving a signal according to another embodiment of the
present invention, in the case where the first pilot signal
includes the channel information of the second pilot sig-
nal. The operations of a reception unit 400, a synchroni-
zation unit 410, a parameter detector 450 and a service
decoder 480 are equal to those of the above-described
embodiment.

[0068] Inthe case where a mode detector 430 detects
the first pilot signal unlike the above-described embodi-
ment, the channel information necessary for the channel
equalization of the second pilot signal may be also output.
A demodulator 420 may receive the FFT mode informa-
tion of the second pilot signal from the first pilot signal
and demodulate the second pilot signal.

[0069] An equalizer 440 may compensate for channel
distortion of the second pilot signal demodulated by the
demodulator 420 using the channel information output
from the mode detector 430.

[0070] As described above, there are various combi-
nations of the available FFT mode and the guard interval
of the TFS signal frame. The structure of the first pilot
signal (the structure of the first pilot signal using any one
of the odd carriers and the even carriers) is used and the
second pilot signal may be transmitted using the mode
having a large FFT size and a long guard interval.
[0071] The PRBS used in the first pilot signal indicates
the FFT size of the data symbol and the second pilot
signal. Different PRBSs indicate FFT modes having dif-
ferent sizes. Thus, the signal receiving apparatus can
distinguish between the PRBSs by the PRBS correlation.
However, since this method requires a calculation for all
PRBS patterns and requires a similar calculation even
when the length of the guard interval of the second pilot
signal is detected, the performance of the signal receiving
apparatus may deteriorate. That is, the configuration of
the signal receiving apparatus becomes complicated and
the synchronization acquisition can be delayed.

[0072] However, if the FFT mode and guard interval
having a fixed length are used in the second pilot signal
and the FFT mode and guard interval having a length as
long as possible are used, the channel information of the
second pilot signal can be obtained using the first pilot
signal and the second pilot signal and the data symbol
can be readily decoded. In the case where the channel
information is obtained from the second pilot signal, the
channel information may be applied to the channel equal-
ization of the next data symbol. For example, the FFT
modes and the guard interval lengths of the first and sec-



11 EP 2 993 850 A1 12

ond pilot signals may be set to the 32K and the guard
interval of 1/8, respectively.

[0073] FIG. 10 is a view showing an apparatus for re-
ceiving a signal, which is capable of decoding the TFS
signal frame using the first and second pilot signals as
described above.

[0074] A reception unit 500 receives a TFS signal
frame including a first pilot signal using one of the odd
carriers and the even carriers and a second pilot signal
having a FFT mode having a large FFT size and a long
guard interval. A synchronization unit 510 acquires the
synchronization of the received signal.

[0075] A demodulator 520 demodulates the predeter-
mined first pilot signal and demodulates the second pilot
signal having predetermined FFT mode and guard inter-
val. Since the demodulator 520 knows the FFT mode and
the guard interval of the second pilot signal, the PRBS
correlation may not be performed with respect to the first
pilot signal.

[0076] An equalizer 540 demodulates the signal in-
cluding the first pilot signal and the second pilot signal.
The second pilot signal may include the FFT mode and
the guard interval information of the data symbol which
follows the second pilot signal.

[0077] A parameter detector 550 transmits the FFT
mode and the guard interval information of the data sym-
bol detected from the second pilot signal to the demod-
ulator 520, and the demodulator 520 may demodulate
the data symbol by the received FFT mode and the guard
interval information. The parameter detector 550 trans-
mits the information indicating that the TFS signal frame
is detected and information necessary for the signal syn-
chronization from the first and second pilot signals of the
TFS signal frame to the reception unit 500 and the syn-
chronization unit 510.

[0078] The equalizer 540 may equalize the channel
with respect to the data symbol and output the signal, of
which the channel is compensated for, to a deinterleaver
560.

[0079] The operations of the deinterleaver 560, a dem-
apper 570 and a service decoder 580 are equal to those
of the above-described embodiment.

[0080] The FFT size of the second pilot signal can be
transmitted by the PRBS pattern of the first pilot signal,
and the guard interval information of the second pilot sig-
nal may be set in the information transmitted by the pilot
carrier included in the first pilot signal and may be trans-
mitted. In this case, the calculation and the time for ob-
taining the guard interval information of the second pilot
signal can be reduced.

[0081] FIG. 11 is a view showing an apparatus for re-
ceiving a signal, which is capable of obtaining the guard
interval information of the second pilot signal. After the
synchronization of the received signal is acquired, a de-
modulator 620 demodulates the first pilot signal and a
mode detector 630 detects the FFT size information of
the second pilot signal from the pattern of the first pilot
signal. The mode detector 630 obtains the guard interval
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information of the second pilot signal from the information
included in the pilot carriers of the first pilot signal. A
synchronization unit 610 acquires the synchronization of
the second pilot signal using the guard interval informa-
tion of the second pilot signal, and the demodulator 620
demodulates the second pilot signal. The operations of
the remaining blocks are equal to the corresponding
blocks of the above-described embodiment.

[0082] As another embodiment, the second pilot signal
may become several OFDM symbols or one OFDM sym-
bol having the 16K FFT mode or the 32K FFT mode. The
second pilot signal is error-correction-encoded and inter-
leaved and thus is robust against an error, compared with
another signal. The signal receiving apparatus can use
the number of OFDM symbols of the second pilot signal
in order to deinterleave the second pilot signal. Accord-
ingly, the number of OFDM symbols included in the sec-
ond pilot signal may be signaled to a first OFDM symbol
of the first pilot signal or the second pilot signal.

[0083] In order to obtain service data included in the
data symbol, the signal receiving apparatus decodes the
service data at the position of a desired service in the
data symbol. The embodiment in which the signal receiv-
ing apparatus efficiently obtains the desired service data
will be described.

[0084] First, FIG. 12is a view showing another embod-
iment of an apparatus for receiving a signal, which is
capable of obtaining service data. If the data symbol of
the TFS signal frame is demodulated, the equalizer 740
equalizes the channel of the received data symbol.
[0085] A time detector 741 may detect a time when a
RF channelis changed by the signal receiving apparatus
and a time consumed for changing the RF channel. An
address detector 743 may detect the address of a slot
transmitted after the detected times in a selected RF
channel of the TFS signal frame on the basis of the de-
tected times.

[0086] A symbolparser745may parse the datasymbol
included in the slot output from an equalizer 740 by re-
ferring to the detected address. A deinterleaver 760 dein-
terleaves the parsed symbol data and a demapper 770
converts the symbol data into bit data. A service decoder
780 may decode the converted bit data by referring to
the service position detected by a parameter detector
750.

[0087] Inthe TFS signal frame, the service data occu-
pies the slots allocated by a service multiplexer. Accord-
ingly, information on the position and the size of the serv-
ice data may be included in the second pilot signal re-
ceived before the data symbol and may be transmitted.
The positional information of the service data may be
information of the OFDM symbol unit included in the data
symbol.

[0088] FIG. 13 is a view showing another embodiment
of an apparatus for receiving a signal, which is capable
of efficiently obtaining service data. In FIG. 13, the sec-
ond pilot signal may use the number (or the index) of
OFDM symbols in order to detect the position of the
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OFDM symbol including the positional information of the
service data. The OFDM symbols included in the data
symbol may include the index.

[0089] In the case where the RF channel is changed
andthe service is received, the time when the RF channel
is changed may vary, and the number of OFDM symbols
passing while the RF channel is changed may vary. Ac-
cordingly, as described above, the position of the data
symbol including the service can be calculated in the
OFDM symbolunits, ratherthan the search forthe service
on the basis of the RF channel change time.

[0090] A symbol index detector 841 detects the index
of the OFDM symbol from the data symbol output from
the equalizer 840. The index of the OFDM symbol may
be decided to the value of a specific carrier included in
the OFDM symbol. An address detector 843 receives the
index of the OFDM symbol and detects the address of
the slot. A frame parser 845 may parse the data output
from the equalizer 840 by referring to the detected ad-
dress of the slot.

[0091] The OFDM symbolincluded in the data symbol
includes a scattered pilot and a continual pilot in order to
obtain the channelinformation. FIG. 14 is a view showing
the pattern of a scattered pilot, which may temporally
have a periodical pattern. The example of FIG. 14 shows
the pattern of the scattered pilot shifted by four carriers
in a frequency direction with the elapse of time. If the
position of the scattered pilot is detected, the channel
information can be obtained from the OFDM symbol. If
the index of the OFDM symbol is detected, the pattern
of the scattered pilot according to the index can be de-
tected and the latency necessary for extracting the posi-
tion of the service and extracting the position of the scat-
tered pilot can be decreased. For example, if the demod-
ulator (or the symbol index detector) of the signal receiv-
ing apparatus obtains the index of the OFDM symbol,
the pattern of the scattered pilot in the OFDM symbol to
be parsed can be obtained without another calculation.
The service decoder may detect the position of the data
symbol including the service data to be decoded using
the index of the OFDM symbol output from the demod-
ulator (or the symbol index detector).

[0092] FIG. 15is a view showing another embodiment
of the structure of the signal frame according to the
present invention. In the TFS frame shown in this Figure,
first pilot signals and second pilot signals of the RF chan-
nels are shifted on a time axis unlike the above-described
TFS frame.

[0093] In a RF1 channel of this embodiment, the first
pilot signal and the second pilot signal are located on the
start portion of the TFS frame. In a RF2 channel, the first
pilot signal and the second pilot signal are separated from
the start slots of the TFS frame of the RF1 channel by a
plurality of slots. In a RF3 channel, the first pilot signal
and the second pilot signal are separated from the first
pilot signal and the second pilot signal of the RF2 channel
by several slots. Similarly, in a RF4 channel, the first pilot
signal and the second pilot signal are shifted from the
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first pilot signal and the second pilot signal of the adjacent
RF3 channel.

[0094] In addition to the first pilot signals and the sec-
ond pilot signals, slots for transmitting the service are
shifted according to the RF channels on the basis of the
above-described relationship.

[0095] The first pilot signal and the second pilot signal
shifted temporally may include information on a layer 1
(L1) and information on a layer 2 (L2). As described in
the above-described embodiment, evenin the TFS frame
shown in this Figure, the first pilot signals may include
FFT mode information and guard interval information of
the second pilot signals. If the first pilot signals are used,
the channel information of the second pilot signals can
be acquired. The channel information of a following data
symbol can be acquired from the second pilot signals.
An OFDM symbol included in the TFS frame may include
a symbol index.

[0096] If the structure of the TFS frame is used, the
signal receiving apparatus can reduce an error of the
received signal using the first pilot signals and the second
pilot signals. For example, if the first pilot signals and the
second pilot signals are located on the start potions of
allthe RF channels, the first RF channel may be selected,
the first pilot signal and the second pilot signal of the first
RF channel may be acquired, and the first RF channel
may be changed to the second RF channel. In this case,
the first pilot signal and the second pilot signal of the
second RF channel may be received after the same pe-
riod as the period of the first pilot signal and the second
pilot signal of the first RF channel are elapsed. Accord-
ingly, although the signal receiving apparatus acquires
the first pilot signal and the second pilot signal from any
RF channel of the TFS frame, the period for receiving
the pilot signals is equal to the period of the TFS frame.
[0097] However, as shown, if the first pilot signals and
the second pilot signals are shifted according to the RF
channels and the signal receiving apparatus changes the
RF channel or simultaneously receives at least two RF
channels, the first and second pilot signals can be ac-
quired in a short period. The signal receiving apparatus
can accurately acquire the channel information using the
pilot signals.

[0098] If the TFS frames are transmitted via four RF
channels in this manner, the period for acquiring the first
and second pilot signals is reduced to 1/4 of the above-
described period. Accordingly, the receptionunit can
more accurately perform the channel estimation. Since
the period which can acquire the first pilot signal and the
second pilot signal can be inversely proportional to the
number of RF channels, the signal receiving apparatus
can more accurately perform channel compensation.
The signal receiving apparatus may extract a transmis-
sion parameter from the first pilot signal and the second
pilot signal transmitted via any RF channel, change the
channel to another RF channel, and acquire a service
and information included in a data symbol using the trans-
mission parameter of the previous RF channel and the
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transmission parameter of the changed RF channel.
[0099] FIG. 16 is a view showing another example of
the signaling window. A preamble including the first pilot
signal and the second pilot signal is shifted according to
the RF channels and the data symbol including the serv-
ice is shifted. In the RF 1 channel, the second pilot signal
may includes information on the signaling window shown
in this Figure.

[0100] Similar to the RF2 channel, since the slots hav-
ing the same contents as the RF1 channel are arranged
but are temporally shifted, the position of the signaling
window is shifted. The parameters of the first pilot signal
and the second pilot signal of each RF channel include
the information on the data symbol included in the sign-
aling window ofthe RF channel and are used fordecoding
the data symbol.

[0101] As described in the above-described embodi-
ment, the signal receiving apparatus may acquire the
channel information of the second pilot signal from the
first pilot signal and acquire the channel information of
the signal, which follows the second pilot signal, from the
second pilot signal, even when the signal frame shown
in this Figure is received. Accordingly, the reliability of
the information transmitted by the first pilot signal and
the second pilot signal can be improved and channel es-
timation performance can be improved.

[0102] If the TFS frame shown in FIG. 15 is desired to
be transmitted, in the embodiment of FIG. 4, the service
composer 10 may process the signals processed along
the signal transmission paths in the transmission unit 100
such that a time difference occurs. For example, the sig-
nal transmitted via the first path (from the reference nu-
meral 110 to the reference numeral 160) and the signal
transmitted via the second path (from the reference 115
to the reference numeral 165) may be transmitted with a
time difference although the signals include the same
preamble and service data.

[0103] Alternatively, the frequency splitter 20 may con-
trol the signals to be transmitted according to the RF
channels such that a time difference occursbetween the
RF channels. For example, the frequency splitter 20 splits
the signal output from the service composer 10 according
to the frequencies and outputs the split signals to the
symbol mappers 110 and 115 with a time difference.
[0104] Alternatively, the transmission unit 100 may ar-
range the first pilot signals and the second pilot signals
between the signal frames with a time difference if the
signal frames transmitted via a plurality of RF channels
are built.

[0105] If the TFS frame shown in FIG. 15 is desired to
be received, the operation which is changed or further
performed in the embodiment of FIG. 5 is as follows.
[0106] The reception unit 200 may receive the signals
according to the RF channels. The reception unit 200
may includes a plurality of tuners. The plurality of tuners
may select and output the RF channels with the time
difference in the TFS frame. Alternatively, the reception
unit 200 may receive the signal included in the RF chan-
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nel while one RF channelis changed to another RF chan-
nel.

[0107] The synchronization unit 210 may acquire the
synchronization of the first pilot signals and the second
pilot signals which are temporally shifted between the RF
channels.

[0108] Thedemodulator220 may demodulates the sig-
nals which are temporally shifted between the RF chan-
nels and demodulate the first pilot signals and the second
pilot signals.

[0109] The equalizer 240 may perform the channel
compensation with respect to the first pilot signals and
the second pilot signals demodulated by the demodulator
220 according to the RF channels. The equalizer 240
may acquire the channel information using the first pilot
signals and the second pilot signals between the RF
channels. The channel of the service data included in the
RF channel is compensated for using the acquired chan-
nel information.

[0110] The parameter detector 250 may detect the
transmission parameters included in the first pilot signals
and the second pilot signals according to the RF chan-
nels, for example, the information on the layer 1 and the
information on the layer 2. The following description is
equal to that of FIG. 5.

[0111] In the embodiment of the receiving apparatus
for receiving the structure of the TFS frame shifted be-
tween the RF channels, the description of the reception
unit 300 to the parameter detector 350 of FIG. 8, the
reception unit 400 to the parameter detector 450 of FIG.
9, the reception unit 500 to the parameter detector 550
of FIG. 10, the reception unit 600 to the parameter de-
tector 650 of FIG. 11, the reception unit 700 to the pa-
rameter detector 750 of FIG. 12, and the reception unit
800 to the parameter detector 850 of FIG. 13 are equal
to the description of FIG. 5.

[0112] FIG. 17 is a flowchart illustrating a method of
transmitting/receiving a signal according to an embodi-
ment of the present invention.

[0113] A plurality of service data units are split accord-
ing to frequency bands and time (S110).

[0114] The split service data units are mapped to sym-
bols and are modulated (S120).

[0115] The first pilot signals and the second pilot sig-
nals are inserted into the frames including the modulated
service data units (S130). The first pilot signals and the
second pilot signalsmay be inserted into the frames in a
relationship shifted according to the signal frame such
that a time difference occurs between the frames.
[0116] The frames including the first pilot signal and
the second pilot signal are transmitted such that a time
difference occurs between the RF channels (S140). Al-
ternatively, the signal frames having a time difference
between the signal frames are transmitted via the RF
channels.

[0117] In this transmission, the first pilot signals and
the second pilot signalsmay be shifted according to the
RF channels such that a difference occurs in a transmis-



17 EP 2 993 850 A1 18

siontime or a time difference may occur in signal process-
ing.

[0118] If the signals are received, the signal frames
shifted temporally are received via a plurality of RF chan-
nels (S150).

[0119] One of the signal frames is demodulated using
the first pilot signal and the second pilot signal included
in the signal frames and the channel of the demodulated
signal frame is compensated for (S160).

[0120] The service data of the service contents is de-
coded from the signal frame of which the channel is com-
pensated for (S170).

Mode for the Invention

[0121] The embodiments of the invention are de-
scribed in the best mode of the invention.

Industrial Applicability

[0122] A method of transmitting/receiving a signal and
an apparatus for transmitting/ receiving a signal of the
present invention can be used in broadcast and commu-
nication fields.

[0123] Further embodiments of the invention are de-
scribed in the following numbered paragraphs:

[11 A method of transmitting a signal, the method
comprising: outputting a plurality of service data units
according to frequency bands; mapping the output
service data units to symbols and modulating the
service data units; inserting first pilot signals and sec-
ond pilot signals into frames including the modulated
service data units; and transmitting the frames in-
cluding the first pilot signals and the second pilot
signals such that a time difference occurs between
radio frequency (RF) channels.

[2] The method according to paragraph 1, wherein
the first pilot signals and the second pilot signals are
inserted such that the time difference occurs in the
frames.

[3] A method of receiving a signal, the method com-
prising: receiving signal frames temporally shifted
via a plurality of radio frequency (RF) channels; de-
modulating one of the signal frames using first pilot
signals and second pilot signals included in the sig-
nal frames and compensating for the channel of the
demodulated signal frame; and decoding service
contents from the signal frame of which the channel
is compensated for.

[4] The method according to paragraph 3, wherein
the compensating of the channel includes acquiring
the channel information of the signal frames using
the first pilot signal and the second pilot signal in-
cluded in the signal frames and compensating for
the signals included in the received signal frames
using the channel information.

[5] The method according to paragraph 3, wherein
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each of the first pilot signals includes information for
identifying guard intervals of the second pilot signals
among the signals which follow the first pilot signals.
[6] An apparatus for receiving a signal, the apparatus
comprising: a reception unit receiving signal frames
temporally shifted via a plurality of radio frequency
(RF) channels; a synchronization unit acquiring first
pilot signals and second pilot sig- nalsincluded in the
signal frames; a demodulator demodulating one of
the signal frames using the first pilot signals and the
second pilot signals an equalizer compensating for
the channel of the demodulated signal frame; and a
service decoder decoding service contents from the
signal frame of which the channel is compensated
for.

[7] The apparatus according to paragraph 6, wherein
the equalizer acquires the channel information of the
signal frames using the first pilot signals and the sec-
ond pilot signals included in the signal frames and
compensates for the channel of the signal frame us-
ing the channel information.

[8] The apparatus according to paragraph 6, wherein
orthogonal frequency division multiplex (OFDM)
symbolsincluded in the signal framesinclude symbol
index information.

[9] The apparatus according to paragraph 8, wherein
the service decoder identifies the position of service
data using the symbol index information and de-
codes the identified service data.

[10] An apparatus for transmitting a signal, the ap-
paratus comprising: a frequency splitter outputting a
plurality of service data units according to frequency
bands; a modulator modulating the output service
data units; an inserter inserting first pilot signals and
second pilot signals into frames including the mod-
ulated service data units; and a transmission unit
transmitting the signal frame including the first pilot
signals and the second pilot signals via radio fre-
quency (RF) channels such that a time difference
occurs.

[11] The apparatus according to paragraph 10,
wherein the inserter inserts the first pilot signals and
the second pilot signals into the frames such that the
time difference occurs.

Claims

1. A method of transmitting a signal, the method com-
prising:

mapping encoded service data to symbols;
interleaving the mapped symbols;

building a signal frame including the interleaved
symbols and a preamble, the preamble includ-
ing a first pilot signal and a second pilot signal,
the first pilot signal indicating a fast Fourier
transform, FFT, size of the second pilot signal
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and at least one guard interval length informa-
tion matched with the FFT size, and the second
pilot signal includes layer 1 information that in-
cludes a guard interval length information and a
frequency indicator which is frequency informa-
tion of a radio frequency, RF, channel; and
transmitting the signal frame including the first
pilot signal and the second pilot signal,
wherein thefirstpilot signalis used foridentifying
the signal frame based on a structure of the first
pilot signal,

wherein the structure of the first pilot signal in-
cludes a plurality of carriers including unused
carriers and used carriers within 7.6 1 MHz signal
bandwidth and the carriers of the first pilot signal
are scrambled by the Pseudo Random Binary
Sequence, PRBS, and

wherein the first pilot signal is modulated by 2K
FFT mode with 1/4 guard interval and the used
carriers occupy within about 6.83Mhz signal
bandwidth in the 7.61 MHz signal bandwidth,
wherein the second pilot signal is transmitted
with the same FFT size and guard interval as
the mapped symbols in the signal frame, and
wherein the number of OFDM symbols in the
second pilot signal is signaled to the first pilot
signal, and wherein the second pilot signal in-
cludes information on the number of OFDM sym-
bols for the service data.
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